IN-LB Inch-Pound Units

An AC| Standard

Carbon and Glass Fiber-
Reinforced Polymer

(FRP) Materials Made Iy
Wet Layup for Externia
Strengthening of Cencrete
and Masonry Siructures—
(N Specification

)

FPeported by ACI Committee 440

q Ci } American Concrete Institute

Always advancing

AC| SPEG-440.8-13(2


https://www.stdhive.com/standards/aci-4408-1322-pdf/

>~ et First Printing
q Cl ) merican Concrete Institute March 2023

Always advancing

A ISBN: 978-1-64195-167-8

Carbon and Glass Fiber-Reinforced Polymer (FRP) Materials Made by Wet Layup
for External Strengthening of Concrete and Masonry Structures—Specification

Copyright by the American Concrete Institute, Farmington Hills, MI. All rights reserved. This material
may not be reproduced or copied, in whole or part, in any printed, mechanical, electronic, film, or other
distribution and storage media, without the written consent of ACI.

The technical committees responsible for ACI committee reports and standards strive to avoid
ambiguities, omissions, and errors in these documents. In spite of these efforts, the users of ACI
documents occasionally find information or requirements that may be subject to more than one
interpretation or may be incomplete or incorrect. Users who have suggestions for the impravemer.® or
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Pu:.icac~as/
DocumentErrata.aspx. Proper use of this document includes periodically checking for errata tur the most
up-to-date revisions.

ACI committee documents are intended for the use of individuals who are competent ‘0 evluate the
significance and limitations of its content and recommendations and who will ~~cet - esponsibility for
the application of the material it contains. Individuals who use this publicatic 1 in any way assume all
risk and accept total responsibility for the application and use of this informatic 1.

All information in this publication is provided “as is” without warrapty ¢ any kind, either express or
implied, including but not limited to, the implied warranties of mer "hartability, fitness for a particular
purpose or non-infringement.

ACI and its members disclaim liability for damages of any k'nd, including any special, indirect, incidental,
or consequential damages, including without limitation, lost =2*enues or lost profits, which may result
from the use of this publication.

It is the responsibility of the user of this documert to ec ablish health and safety practices appropriate
to the specific circumstances involved with its uso. ACI does not make any representations with regard
to health and safety issues and the use of tais ¢ ~cu nent. The user must determine the applicability of

all regulatory limitations before applying “he document and must comply with all applicable laws and
regulations, including but not limited te, Ul ited States Occupational Safety and Health Administration

(OSHA) health and safety standards.

Participation by governmental re, resentatives in the work of the American Concrete Institute and in
the development of Institute cca: da.ds does not constitute governmental endorsement of ACI or the
standards that it develops.

Order information: AC' dovmiments are available in print, by download, through electronic subscription,
or reprint, and may e o, tained by contacting ACI.

ACI codes, specifi "ations, and practices are made available in the ACI Collection of Concrete Codes,
Specificatio. s, anc Practices. The online subscription to the ACI Collection is always updated, and
includes ¢ 'rret ar.d historical versions of ACI’s codes and specifications (in both inch-pound and SI
units) rics now titles as they are published. The ACI Collection is also available as an eight-volume set of
books nd « USB drive.

An.erican Concrete Institute
28800 Country Club Drive
Farmington Hills, MI 48331
Phone: +1.248.848.3700
Fax: +1.248.848.3701
www.concrete.org


https://www.stdhive.com/standards/aci-4408-1322-pdf/

ACI SPEC-440.8-13
(Reapproved 2022)

Carbon and Glass Fiber-Reinforced Polymer (FRP)
Materials Made by Wet Layup for External Strengthenin
of Concrete and Masonry Structures—Specification

An ACI Standard

Reported by ACI Committee 440

Carol K. Shield", Chair

William 1. Goi'™ Secretary

Tarek Alkhrdaji
Charles E. Bakis”
Lawrence C. Bank

Kent A. Harries
Mark P. Henderson
Bohdan N. Horeczko

Houssam A. Toutanii
J. Gustavo Turn < lan
Milan Vatovec

Mark A. Postma
Ferdinand S. Rostasy
Surendra P. Shah

Michael W. Lee
Maria Lopez de Murphy
Ibrahim M. Mahfouz
Amir Mirmiran
John J. Myers
Antonio Nanni”
Ayman M. Okeil
Carlos E. Ospina
Renato Parretti
Max L. Porter
Andrea Prota
Hayder A. Rasheea
Sami H. Riz¥alla
Rajan/ ser
Rudc’€ Se. <ine
Pidro o Silva
“hal(1A. Soudki
Jamudl \. Steere 111
Jay Thomas

Abdeldjelil Belarbi
Brahim Benmokrane
Luke A. Bisby
Gregg J. Blaszak”
Hakim Bouadi
Timothy E. Bradberry
Gordon L. Brown Jr.
Vicki L. Brown
John P. Busel
Raafat El-Hacha
Garth J. Fallis
Amir Z. Fam
Nabil F. Grace
Mark F. Green
Zareh B. Gregorian
Doug D. Gremel
Shawn P. Gross
H. R. Trey Hamilton I1I
Issam E. Harik

This material specification civer.. the requirements for carbon
and glass fiber-reinforced poly, ~er ( "RP) systems made by the wet
layup process. These systems are (~ternally bonded to concrete or
masonry structures ax 4 in. uded for structural strengthening.

Keywords: carbon fic>r; nber-reinforced polymer (FRP); glass fiber;
masonry; wet L rup.

Mohsen Shahawy
Yasuhisa Sonobe
Minoru Sugita
Luc R. Taerwe

David White
Sarch 1 Wittt

C nsultiag members
1 N Balaguru Ralejs Tepfers
Jraig A. Ballinger Taketo Uomoto
v 7arald G. F. Budelmann Paul Zia
C.J. Burgoyne
Elliot P. Douglas
Rami M. Elhassan
David M. Gale
Russell Gentry
Arie Gerritse
Srinivasa L. Tyer

Subcommittee members
David T. Biggs
Luis Ramos

“Contributing authors.
Task Group Chair.

Koichi Kishitani k
H 4. Kli Note: Special acknowledgment to
O\fval‘. - liger Ravindra Kanitkar for his contribu-
Kyuichi Maruyama tion to the 2022 reapproval of this

Antoine E. Naaman Specification.
Hajime Okamura
CONTENTS
1—SCOPE, p. 2
2—DEFINITIONS, p. 2

3—REFERENCED STANDARDS, p. 2
4—CLASSIFICIATION, p. 2

5—MATERIALS AND MANUFACTURE, p. 3

ACI 440.8-13 was adopted November 29, 2013 and published January 2014.

Copyright © 2023, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form or by any
means, including the making of copies by any photo process, or by electronic or
mechanical device, printed, written, or oral, or recording for sound or visual reproduc-
tion or for use in any knowledge or retrieval system or device, unless permission in
writing is obtained from the copyright proprietors.


https://www.stdhive.com/standards/aci-4408-1322-pdf/

2 SPECIFICATION FOR CFRP AND GFRP MATERIALS MADE BY WET LAYUP (ACI 440.8-13)

6—PHYSICAL PROPERTIES, p. 3
7—MECHANICAL PROPERTIES, p. 3
8—DURABILITY PROPERTIES, p. 3

9—SAMPLING, FREQUENCY, AND NUMBER OF
SPECIMENS, p. 3

10—PRODUCT DATA SHEETS, p. 4

1—SCOPE

1.1 This specification describes permitted constituent
materials, minimum performance requirements of those
constituent materials, and minimum performance require-
ments for carbon fiber-reinforced polymer (CFRP) and glass
fiber-reinforced polymer (GFRP) systems made from those
constituent materials using the wet layup process.

1.2 This specification only covers the fabric reinforcement
and saturating resin that comprise the FRP system. Primers
and putty fillers are excluded.

1.3 This specification applies to FRP laminae consisting
of one ply of continuous, unidirectional fabric reinforcement
and saturating resin fabricated using the wet layup process.
Laminae with fibers in more than one direction that are
intended to provide strength in more than one direction are
excluded.

1.4 Precured FRP systems are not covered by this
specification.

1.5 Hybrid FRP systems consisting of more than one type
of fiber are excluded.

1.6 Only FRP systems with epoxy resins are covered by
this specification.

1.7 Values in this specification are stated in in.-1b viuts. A
companion specification in SI units is available.

2—DEFINITIONS

2.1 The following definitions govern/ . .his specifica-
tion. For definitions not given below, r¢ier . *“/«CI Concrete
Terminology,” www.concrete.ore/ 1 2ols/Concrete Termi-
nology.aspx. For definitions used in v 1t not specific to this
specification, refer to ASTM C904.

fabric reinforcement— i< nforcing fibers in fabric form.

fiber-reinforced polyi..;er .amina—a single layer of
composite material maac by combining fabric reinforcement
and saturating resi) matrix.

fiber-reix foic~d polymer system—the product fabri-
cated using t.= wet layup method with the FRP system
manufacturc+’s tioer reinforcement and saturating resin per
the FR P s stem manufacturer’s instructions.

=22, vroperty—a property value provided by the manu-
f ctarer no greater than the mean of results obtained by a
speuined test method for at least the specified number of
.pecimens. Discussion—This value is applicable to FRP
chord tensile stiffness, resin properties, and for calculating
retention values for durability.

ply—a single layer of fabric reinforcement.

roving—a parallel bundle of continuous yarns, tows, or
fibers with little or no twist.

tow—an untwisted bundle of continuous filaments.

ultimate property—a property value provided by the
manufacturer no greater than the mean minus three standard
deviations of results obtained by a specified test method for
at least the specified number of specimens. Discussion—
This definition is applicable to maximum tensile force.

wet layup—a manufacturing process where dry fabric
reinforcement is impregnated on-site with a saturating resir
matrix and then cured in-place.

3—REFERENCED STANDARDS

3.1 ASTM International

C581-20(2020)—Standard Practice - for D termining
Chemical Resistance of Thermosetting Resme Used in
Glass-Fiber-Reinforced Structures Intenacd for Liquid
Service

C904-01(2018)—Standard Teri.inlogy Relating to
Chemical-Resistant Nonmetallic 1."ateri s

D638-22(2022)—Stand=+d 1 st Method for Tensile Prop-
erties of Plastics

D790-17(2017)—Standa i Test Methods for Flexural
Properties of Unrcinforced and Reinforced Plastics and
Electrical Insi!atin,_ Materials

D1147-98(2021—Standard Practice for the Preparation
of Sut-titu'= Goecan Water

D2247:15(.020)—Standard Practice for Testing Water
Re¢stance of Coatings in 100% Relative Humidity

D52%5-18(2018)—Standard Practice for Heat Aging of
Plastics Without Load

N3776/D3776M-20(2020)—Standard Test Methods for
Mass Per Unit Area (Weight) of Fabric

D7565/D7565M-10(2017)—Standard ~ Test ~ Method
for Determining Tensile Properties of Fiber Reinforced
Polymer Matrix Composites Used for Strengthening of Civil
Structures

E1640-18(2018)—Standard Test Method for Assignment
of the Glass Transition Temperature by Dynamic Mechan-
ical Analysis

G153-13(2021)—Standard ~ Practice  for  Operating
Enclosed Carbon Arc Light Apparatus for Exposure of
Nonmetallic Materials.

3.2 International Code Council—Evaluation Service
(ICC-ES)

AC125—Acceptance Criteria for Concrete and Reinforced
and Unreinforced Masonry Strengthening Using Exter-
nally Bonded Fiber-Reinforced Polymer (FRP) Composite
Systems

4—CLASSIFICIATION
4.1 Fiber-reinforced polymer systems shall be classified
according to their fiber reinforcement composition with the
first letter of the acronym designating fiber type as follows:
a) CFRP—Carbon fiber-reinforced polymer systems;
b) GFRP—Glass fiber-reinforced polymer systems
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